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Abstract 

We study the contribution of the antisymmetric tensor unparticle mediation to the 
diphoton production rate of the Higgs boson and try to explain the discrepancy between 
the measured value of the decay width of the discovered new resonance and that of the 
standard model Higgs boson. We observe that tree level contribution of the antisymmetric 
unparticle mediation is a possible candidate to explain the measured value of the diphoton 
decay rate. 
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The standard model (SM) electroweak symmetry breaking mechanism is based on the ex- 
istence of a scalar particle, the Higgs boson Ho, which is crucial for production of the masses 
of fundamental particles. Recently, the ATLAS and CMS collaborations [TJ [2] discovered a 
resonance with the invariant mass 125 — 126 (GeV). At this stage one needs a conformation 
that the properties of the discovered resonance coincide with that of the SM Higgs boson. 
Current data shows that there is no significant deviation in the decay widths of the processes 
H — y WW* and H — > Z Z*, however, in the H — > 77 channel, there is a deviation from 
the SM result, namely, the diphoton production rate reaches 1.5 to 2 times that of the SM 
prediction [TJ [21 [3j Hj. Even if there needs more data in order to check whether the excess is 
based on the statistical fluctuations or not, a possible attempt to explain this excess from the 
theoretical side would be worthwhile and it has been studied in various models beyond the SM 
0-1371. 

In the present work, we consider the antisymmetric tensor unparticle mediation in order to 
explain the excess in the diphoton production and we restrict the free parameters existing in 
the scenario. Unparticles, being massless, having non integral scaling dimension du, around 
the scale Ajj ~ 1.0 TeV, are proposed by [38l [39] . They are new degrees of freedom arising 
from a hypothetical scale invariant high energy ultraviolet sector with non-trivial infrared fixed 
point. In the low energy level the effective interaction of the SM-unparticle sector reads (see 
for example [40J) 

Ce ff = A du+d SAI -n °sm Ou , (1) 

where Ou {Osm) is the unparticle (the SM ) operator, K v is the energy scale, n is the space-time 
dimension and rj is the effective coefficient. [381 ESI HI]- The antisymmetric tensor unparticle 
propagator which drives one of the outgoing photon in diphoton production is obtained by the 
two point function arising from the scale invariance and it becomes 

/ d 4 xe ipx <0\T(o£ u (x)Of(0))0>=i ^ r W^{-p 2 - it) du ~ 2 , (2) 

J v ' ZSinldTrTT) 
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and the projection operator 



— - (g^a g u/ 3 - g ua g^p) ■ (4) 
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Notice that the projection operator has the transverse and the longitudinal parts, namely, 

1 

2 l 

where = g^,, — p^Pu/p 2 (see [12] and references therein). At this stage we consider that the 
scale invariance is broken at some scale \xy and we take the antisymmetric tensor unparticle 
propagator as 

/ d A xe ipx < 0\T(O^(x) Of(0))o >= % - Ad " . n^(-(p 2 - nl) - ie) dv ~ 2 , (6) 
J v ' 2 sin \duTi) 

by respecting a simple model [SHE] which provides a rough connection between the unparticle 

sector and the particle sector. 

Now, we are ready to present the low energy effective Lagrangian which drives the new 

contribution to the diphoton production (see [42J): 

£*ff = ^B^O^+ 9 -^(HW a H)W^, (7) 

where H is the Higgs doublet, g and g' are weak couplings, Xb and Xw are the unparticle-field 
tensor couplings, B^ u is the field strength tensor of the U(l)y gauge boson = cw A^ + sw Z^ 
and , a = 1,2,3, are the field strength tensors of the SU{2) L gauge bosons with = 
sw A^ — cw where A^ and are photon and Z boson fields respectively. The gauge invariant 
amplitude of the H — > 77 decay is 

M = C eff (h.k 2 <T - K f$) e lfl e 2v , (8) 

with the effective coefficient C e ff and i th photon polarization (momentum) four vector ei a (k^). 
In the framework of the SM this decay appears at least in the loop level H6] (see Appendix 
for details). On the other hand the antisymmetric tensor unparticle mediation results in the 
contribution to the decay in the tree level, with the transition Ho — > ^Ou —^77 (see FigJT]). 
Here H — > jOu transition is carried by the vertex 



ev Xw 
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which arises from the second term in eq.([7J). The Ojj — > 7 transition appears with the vertex 

2 1 e I T^r? - —T7H7 I e 2u 0% , 



which is coming from the first term and the second term in eq.([7]). Here v is the vacuum 
expectation value of the SM Higgs Hq and a = 3 is taken in both vertices. Finally the effective 
coefficient C e // reads 

Ceff = Csm + Cjj , (9) 



where 

-ie 2 X w v fxl {du ~ 2) A du ( 2 v 2 \ w \ (m , 
CU ~ 2sin(d u *)A¥° [ XbAv T ) (10) 

(see appendix for Csm)- 

We also study the possible contribution of the antisymmetric tensor unparticle mediation 
to the Hq —t- Z Z* process that its measured decay width has not a significant deviation from 
the SM result and we see that the contribution of the unparticle mediation to the decay rate of 
Hq — > ZZ* is negligible compared to the SM result. However, for completeness, we would like 
to present the possible effective lagrangian and the matrix element due to the antisymmetric 
tensor unparticle contribution. The process H — > ZO\j — » Z f + f~ can be induced by the 
additional effective lagrangian including fermions: 

Cijf = -^yfhHa^fnO^ + h.c, (11) 

where / is the fermion field and Xf (yf) are the couplings. The H — > ZOjj transition is driven 
by the vertex 

- . du K^°u H o, (12) 

which arises from the second term in eq.([7|). Here e u (k^) is the outgoing Z boson polarization 
(momentum) four vector and tw = Sw/cw The Ojj — > f + f~ transition is coming from the 
additional effective lagrangian eq. ffTi| 

Finally the amplitude of the Hq — > Zf + f~ decay reads M = MsiJa + M\j where 

Ti/r I fiu v A i eX w v 2 yi Xi A d 2(d u -2) n 

M u = a u fa IMU fk»e and a v = — =- — — — — p (14) 

2 v2 t w sin (dun) A v u 

(see for example [37] for the SM decay rate of Hq — » Z Z* process). 



^sm = a SM /7m (cl L + c R R) f {- 9liv + e v where a SM = g 2_ m .i^ rz and a = q 2 



Discussion 



In this section we study the discrepancy between the measured value of the decay width of 
the discovered new resonance, interpreted as the Higgs boson, and that of the SM one, i.e., 
r ^°^ 7 ^^^ red ~ 2.0. We see that the intermediate antisymmetric tensor unparticle mediation 
(see Fig{T]) can explain the deviation of diphoton production rate from the SM prediction and it 
does not affect other production rates of the Higgs boson. In the present scenario the couplings 
Xb, \y/i the interaction scale Au, the scaling dimension djj of the antisymmetric tensor unpar- 
ticle operator and the scale \iy which drives the transition from the unparticle sector to the 
particle one are the free parameters. We take Xb and Xw as universal and choose Xb = Xw = 1- 
For the antisymmetric tensor unparticle scale dimension djj one needs a restriction djj > 2 not 
to violate the unitarity (see [IE]). However, since we consider that the scale invariance is broken 
at some scale \iy we relax the restriction and we respect the range 1 < du < 2 for the scaling 
dimension djj. Here we switched on the scale invariance breaking by following the simple model 
[4"3| HI] which is based on the redefinition of the unparticle propagator (see eq. (jSJ)). Notice 
that the unparticle sector flows to particle sector when du converges to one and the range of 
du we consider above is appropriate to establish the connection between these two sectors. For 
the scale nu where the scale invariance is broken we choose different values \xu = 1 — 20 GeV 
and we consider that the interaction scale Au is at the order of the magnitude of 10 4 GeV. 

FigJ2] represents d v dependence of the ratio r = r ^^^^ A *^ u for different values of the 
scales Au and \iu- Herqj the upper most-upper-lower solid; dashed line represents r for fi v = 
1-10-20 (GeV), Au = 5000 (GeV); ^ = 1 - 10 - 20 (GeV), Au = 10000 (GeV). The 
ratio is strongly sensitive to the scale dimension du for the values far from 1.9 and the decrease 
in the scale du results in the increase in the unparticle contribution which makes it possible 
to overcome the the discrepancy between the measured value and the SM result. We observe 
that the measured value is reached if the scaling dimension is in the range 1.47 < du < 1-66 
for the given numerical values of Au and \xu- In the case of = 10000 (5000) (GeV) and 
flu — 1 (GeV), the measured decay rate is obtained for du ~ 1.62 (1.66). For fiu = 20 (GeV) 
the measured value is reached for du ~ 1.47 (1.51), 

FigJ3]is devoted to fiu dependence of the ratio r for Au = 10000 (GeV) and different values 
du- Here the solid (long dashed, dashed, dotted) line represents r for du = 1.4(1.5, 1.6, 1.7). 
The ratio is sensitive to the scale fiu and increases with its decreasing value. One can reach 



2 The solid straight line represents the ratio r - ^° ji^zp^ \ | r " d ~ 2.0 in each figure. 
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the measured decay rate for 1.0 (GeV) < nu < 10 (GeV) if djj is in the range djj ~ 1.5 — 1.6. 

In FigJH we present Ay dependence of the ratio r for different values of d\j and Here 
the solid (long dashed, dashed, dotted) line represents r for d v = 1.5; nu = 1.0 (GeV) (djj = 
1.5; fiu = 10 (GeV), d v = 1.6; fx v = 1.0 (GeV), d v = 1.6; = 10 (GeV)). The measured 
decay rate is reached for du = 1.5; nu = 10 (GeV) and <i[/ = 1.6; nu = 1.0 (GeV) if the energy 
scale reads ~ 12000 (GeV). 

As a summary, we show that the intermediate antisymmetric tensor unparticle mediation 
is a possible candidate to overcome the deviation of diphoton production rate from the SM 
prediction. We study the ratio r = r t^h^J^^* ~ an d see that r ~ 2.0 is reached if the 
scaling dimension is almost in the range 1.45 < djj < 1.70 for the given numerical values of 
5000 (GeV) <A V < 12000 (GeV) and 1.0 (GeV) < fi v < 20 (GeV). This result makes it possi- 
ble to explain the discrepancy between the measured value of the decay width of the discovered 
new resonance and that of the SM Higgs boson. In addition, it also gives an opportunity to 
understand the role and the type of the unparticle scenario and to determine the existing free 
parameters. 
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Appendix 



In the framework of the SM, the H — > 77 decay appears at least in the loop level with 
the internal W boson and fermions where the top quark gives the main contribution. The 
gauge invariant amplitude reads 

M = C SM (h.k 2 $T - k\ fc£) e llx e 2v , (15) 

where C SM = f^F(x w ,x f ) and 

F(x w ,x f ) = F 1 (x w ) + J2NcQ}F 2 (x f ), (16) 

/ 



with 



= 2 + 3x + 3x(2- x)g(x) , 
F 2 (x) = -2(l + (l-x)g(xj). (17) 



Here 



arcsin 2 (x 1 / 2 ), x > 1; 

1 — v i— ^ 



^)H^^_„y, x<1 , as) 



and Qf is the charge of the fermion /, N c = 1 (3) for lepton (quark), Xi = i — W,f. 

Finally the decay width r(i/ — > 77) is obtained as 



2 



mi, 
H 



T(H^ 11 ) = '<^1 . (19) 

04 7T 
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Figure 1: Tree level diagram contributing to diphoton decay due to the antisymmetric tensor 
unparticle mediation. Solid (wavy, double dashed) line represents the Higgs (electromagnetic, 
antisymmetric tensor unparticle) field. 
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Figure 2: r with respect to dy. Here the upper most-upper-lower solid; dashed line represents 
r for fiu = 1 - 10 - 20 (GeV), A v = 5000 (GeV); nu = 1 - 10 - 20 {GeV), Au = 10000 (GeV). 
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Figure 3: r with respect to fj, v for A v = 10000 (GeV). Here the solid (long dashed, dashed, 
dotted) line represents r for d v = 1.4 (1.5, 1.6, 1.7). 
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Figure 4: r with respect to An. Here the solid (long dashed, dashed, dotted) line represents 
r for d v = 1.5; [i v = 1.0 (GeV) (d v = 1.5; ^ = 10 (GeV), d v = 1.6; n v = 1.0 (GeV), d v = 
1.6; nu = 10 (CeF)). 
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